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Staged combustion method using a low-oxygen gas 

The present invention relates to a staged combustion 
method employing an oxygen- rich oxygenated gas and an 
5 oxygen- lean oxygenated gas that can be used during 
phases in which the supply of oxygen produced by an 
oxygen production unit are interrupted. 

Combustion methods employing oxygenated gases generally 
10 use oxygen coming from continuous oxygen production 
units, such as a cryogenic unit or a VSA (vacuum swing 
adsorption) unit. To anticipate the risks of 
interruption in the supply of oxygen coming from these 
units, a liquid oxygen reservoir is generally provided 
15 near the place where the combustion takes place. To 
reduce the storage costs of this tank and to avoid 
storing too large an amount of oxygen, which could 
classify the combustion site as a high accident risk 
site, it is generally preferred to reduce the capacity 
20 of this storage tank. However, this reduction in 
storage capacity does not always allow the combustion 
to be fed for a long enough time during an interruption 
in supply. One solution would be to supply the 
combustion with air, but generally burners employing a 

2 5 gas richer in oxygen than air do not permit the use of 

a large flow of air. 

The object of the present invention is therefore to 
propose a combustion method and an associated burner 
30 usually operating with a gas richer in oxygen than air, 
allowing operation with air in the event of an inter- 
ruption in the continuous supply of oxygen. 

For this purpose, the invention relates to a method for 

3 5 the combustion of a fuel using an oxygenated gas, in 

which a jet of fuel and at least two jets of oxygen- 
rich oxygenated gas are injected, the first jet of 
oxygen-rich oxygenated gas, called the primary jet, 
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being injected so as to be in contact with the jet of 
fuel and so as to generate incomplete first combustion, 
the gases output by this first combustion still 
including at least one portion of the fuel, and the 
5 second jet of oxygen-rich oxygenated gas being injected 
at a distance i x from the jet of fuel so as to combust 
with a first portion of the fuel present in the gases 
output by the first combustion, in which process an 
oxygen-lean oxygenated gas is injected at a distance l 2 
10 from the jet of fuel so as to combust with a second 
portion of the fuel present in the gases output by the 
first combustion, and i 2 is greater than £ ± . 

The invention also relates to a separate- inj ection 
15 burner assembly consisting of at least two blocks and 
comprising a combustible gas injection orifice and at 
least four oxygenated-gas injection orifices, in which: 

- the first block has a fuel injection orifice and 
at least two oxygenated-gas injection orifices, the 
20 first oxygenated-gas injection orifice being placed so 
as to be in contact with the fuel injection orifice, 
the second oxygenated-gas injection orifice being 
placed at a distance £ 1 from the fuel injection 
orifice; and 

25 - the second block has at least third and fourth 

oxygenated-gas injection orifices, each placed at a 
distance i 2 from the fuel injection orifice of the 
first block, t 2 being greater than £ 1 and the fourth 
oxygenated-gas injection orifice having an area of 

30 between 4 and 100 times the area of the third orifice. 

Finally, the invention relates to the use of the above 
method when the continuous production of oxygen is 
interrupted . 

35 

Other features and advantages of the invention will 
become apparent on reading the description that 
follows. By way of nonlimiting example, the invention 
is illustrated by figure 1, which is a schematic view 
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of a burner assembly according to the invention. 

The invention therefore firstly relates to a method for 
the combustion of a fuel using an oxygenated gas, in 
5 which a jet of fuel and at least two jets of oxygen- 
rich oxygenated gas are injected, the first jet of 
oxygen-rich oxygenated gas, called the primary jet, 
being injected so as to be in contact with the jet of 
fuel so as to generate incomplete first combustion, the 

10 gases output by this first combustion still including 
at least one portion of the fuel, and the second jet of 
oxygen-rich oxygenated gas being injected at a distance 
£ x from the jet of fuel so as to combust with a first 
portion of the fuel present in the gases output by the 

15 first combustion, in which method an oxygen-lean 
oxygenated gas is injected at a distance £ 2 from the 
jet of fuel so as to combust with a second portion of 
the fuel present in the gases output by the first 
combustion, and in that £ 2 is greater than £ ± . The 

20 invention therefore consists of a staged combustion 
method in which the oxygenated gas needed for the 
combustion of the fuel is divided in the form of at 
least three jets. One staged combustion method consists 
in dividing the quantity of oxygenated gas needed for 

25 complete combustion of the fuel into at least two 
complementary oxygenated-gas streams introduced at 
various distances from the stream of fuel. Thus, a 
first complementary stream of oxygenated gas is 
introduced at a very close distance from the stream of 

30 fuel. This stream closest to the stream of fuel is 
called the primary stream; it allows partial combustion 
of the fuel at a controlled temperature , which limits 
the formation of NOx. At least another complementary 
stream of oxygenated gas is introduced at a larger 

35 distance from the fuel than the primary stream of 
oxygenated gas. This makes it possible to complete the 
combustion of the fuel that has not reacted with the 
primary oxygenated gas. This stream is called the 
secondary stream. According to the present invention, 
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the first, primary jet is injected so as to be in 
contact with the jet of fuel. This means that the 
distance between the jet of fuel and the primary jet of 
oxidizer is zero (apart from the possible presence of a 
5 duct wall separating these two jets) . This primary jet 
is a jet of oxygen-rich oxygenated gas. According to 
the invention, an oxygen- rich oxygenated gas has an 
oxygen concentration of greater than 30% by volume, 
preferably at least 90% by volume. In general, the 

10 oxygen-rich oxygenated gas derives partly from a liquid 
oxygen storage unit. The liquid oxygen may be diluted 
with air so that the oxygenated gas injected has an 
oxygen concentration of greater than 30% by volume, 
preferably at least 90% by volume. The second and third 

15 jets of oxidizer are injected at some distance from the 
jet of fuel and from the primary jet; they make it 
possible to supply the quantity of oxidizer needed to 
complete the combustion of the fuel initiated by the 
primary jet. According to the invention, the oxygenated 

20 gas of the second jet is rich in oxygen and this second 
jet is injected at a distance Z x ~ Preferably, the 
distance £ 1 is between 5 and 20 cm. Again according to 
the invention, the third jet is lean in oxygen and is 
injected at a distance £ 2 greater than £ x and relates 

25 to an oxygen-lean oxygenated gas. The term "oxygen- 
lean" is understood to mean an oxygenated gas having an 
oxygen concentration of at most 3 0% by volume. 
Preferably, this is air. The distance £ 2 is 
advantageously greater than 3 0 cm. 

30 

In general, the sum of the quantities of oxygen 
injected by all the jets of oxygenated gas is 
approximately stoichiometric, that is to say within an 
interval of ±15% relative to the stoichiometric 
35 quantity needed for complete combustion of the injected 
fuel. Preferably, the quantity of oxygen injected by 
the jets of oxygen-rich oxygenated gas represents 10 to 
50%, or more preferably 25 to 50%, of the total 
quantity of oxygen injected. 
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According to one particular embodiment, the oxygen-lean 
oxygenated gas may be preheated before being injected. 

5 The invention also relates to a separate-injection 
burner assembly consisting of at least two blocks and 
comprising a combustible gas injection orifice and at 
least four oxygenated-gas injection orifices, in which: 

- the first block has a fuel injection orifice and 
10 at least two oxygenated-gas injection orifices the 

first oxygenated-gas injection orifice being placed so 
as to be in contact with the fuel injection orifice, 
the second oxygenated-gas injection orifice being 
placed at a distance g 1 from the fuel injection 
15 orifice; and 

- the second block has at least third and fourth 
oxygenated-gas injection orifices, each placed at a 
distance t 2 from the fuel injection orifice of the 
first block, £ 2 being greater than i x and the fourth 

2 0 oxygenated-gas injection orifice having an area of 
between 4 and 100 times the area of the third orifice. 
The term "block" is understood to mean a refractory 
block inserted in the wall of the furnace. The term 
"orifice" is understood to mean a tube for delivering a 

25 jet of gas. When implementing a staged combustion 
method with this burner assembly and an oxygen source 
of unlimited volume, the first orifice allows the 
oxygen- rich primary oxygenated gas to be injected, the 
second and third orifices allowing oxygen-rich 

30 oxygenated gases to be injected and no gas is injected 
into the fourth orifice. This method corresponds to a 
staged combustion method employing an oxygen-rich 
oxygenated gas with a primary jet and two secondary 
jets. During an interruption in the continuous 

35 production of oxygen, this burner assembly makes it 
possible to implement the method according to the 
invention as described above: the first and second 
orifices allow the injection of jets of oxygen-rich 
oxygenated gas, no gas is injected into the third 
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orifice, and an oxygen-lean oxygenated gas is injected 
into the fourth orifice. 

Preferably, the burner assembly is designed so that the 
5 distance £ 1 is between 5 and 2 0 cm. Furthermore, the 
distances £ 2 are advantageously greater than 30 cm. The 
first oxygenated-gas injection orifice is 

advantageously placed centrally in the fuel injection 
orifice . 

10 

According to one particular embodiment, the burner 
assembly may include a third block having a fifth 
oxygenated-gas injection orifice placed at a distance 
£ 2 from the fuel injection orifice and having an area 

15 of between 4 and 10 0 times the area of the third 
injection orifice. According to this embodiment, the 
assembly therefore comprises two orifices of large 
area, each at a distance £ 2 from the fuel injection. 
According to this latter embodiment, the assembly may 

20 advantageously comprise two first blocks, two second 
blocks and one third block. In the latter case, the 
respective distances £ 1 and £ 2 to each orifice in first 
pair of first and second blocks are preferably the same 
as the respective distances £ x and £ 2 to each orifice 

25 of the same type in the second pair of first and second 
blocks. The same applies to the areas of the orifices 
of the first pair of first and second blocks and the 
areas of the orifices of the same type of the second 
pair of first and second blocks. Thus, for example, the 

30 second and third oxygenated-gas injection orifices of 
the two second blocks have the same distance £ ± and £ 2 
and area values. According to a preferred version of 
this method, the common fifth orifice has an area 
greater than that of the fourth orifices. 

35 

Finally, the invention relates to the use of the method 
described above for heating a glass charge or for a 
reheat furnace . 
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The invention also relates to the use of the method 
described above when the continuous production of 
oxygen is interrupted. 

5 Figure 1 illustrates the implementation of the method 
according to the invention using a burner assembly 
comprising five blocks. 

The blocks 1, 2, 14, 15, 16 are integrated into the 
10 wall of the furnace 17 and shown from the front. The 
blocks 1 and 2 each comprise: 

- a fuel injection orifice 3, 4; 

- a first orifice 5, 6 for injecting an oxygen-rich 
oxygenated gas, placed centrally at the center of the 

15 respective orifices 3 and 4; and 

- a second orifice 7, 8 for injecting an oxygen- 
rich oxygenated gas located at a distance £ X1 from the 
orifice 3 and at a distance £ X2 from the orifice 4, 
respectively, where £ xx = £ X 2- 

20 

The blocks 14 and 15 each comprise: 

- a third orifice 9, 10 for injecting an oxygen- 
rich oxygenated gas located at a distance £ 21 from the 
orifice 3 and at a distance £22 from the orifice 4, 

25 respectively, where £ 2 i = ^22; and 

- a fourth orifice 11, 12 for injecting an oxygen- 
lean oxygenated gas, located at a distance £ 2 s from the 
orifice 3 and at a distance £ 2 e from the orifice 4, 
respectively, where £ 25 = #26- The area of the fourth 

30 orifice 11, 12 is between 4 and 100 times the area of 
the corresponding third orifice 9, 10. 

The block 16 is placed between the blocks 1 and 2 and 
comprises a fifth orifice 13 for injecting an oxygen- 
3 5 lean oxygenated gas, located at a distance £23 from the 
orifice 3 and at a distance £ 2 * from the orifice 4, 
respectively, where £23 = ^24. The area of the fifth 
orifice 13 is between 4 and 100 times the area of the 
third orifice 9 or 10. 



During the implementation of a staged combustion method 
with this burner assembly and an oxygen source, the 
fuel is injected by the orifices 5 and 6 and the 
oxygen-rich oxygenated gas is injected by the orifices 
5, 6, 7, 8, 9 and 10. No gas is injected by the 
orifices 11, 12 and 13. This method corresponds to a 
staged combustion method employing an oxygen-rich 
oxygenated gas with a primary jet and two secondary 
jets. During an interruption in oxygen production and 
the use of oxygen in a limited quantity, this burner 
assembly allows the method according to the invention 
described above to be implemented: the fuel is always 
injected by the orifices 3 and 4 and the oxygen-rich 
oxygenated gas is always injected by the orifices 5, 6, 
7 and 8. In contrast, no oxygenated gas is injected by 
the orifices 9 and 10 and an oxygen- lean oxygenated gas 
is injected by the orifices 11, 12 and 13. 

By implementing the method as described above it is 
possible for a burner operating normally with a gas 
richer in oxygen than air to be supplied with air in 
the event of an interruption to the continuous supply 
of oxygen. 

Furthermore, in the event of an interruption in the 
supply of oxygen and the exhaustion of the stored 
oxygen, it is possible to use the burner according to 
the invention only with air instead of all oxygenated 
gases. The combustion process remains effective. 



